facets of water resource projects. In many ephemeral streams, design infor mation to provide for sediment trans port or storage is essentially nonexist ent. This paper presents a method for estimating sediment design information and illustrates the importance of varia tions in streambed composition on sedi ment transport.
Size distributions and settling veloci ties of sediments encountered in streambeds vary widely. Thus, the fluvial be havior of sediment will depend on the spread of sediment sizes, in addition to mean size. In natural streams, complica tions arise in describing the sediments available for transport, because grain size varies from place to place and be tween bed and bank. Since rivers or streams are constantly sorting the sedi ment load, obtaining representative sam ples of the material available for trans port is difficult during periods with or without flow.
In the highly influent stream chan nels, like these encountered in ephem eral streams of the Southwestern United States, sediment often moves in a step wise manner because of transmission losses. Water from storms originating in the upper reaches of a watershed is often completely absorbed in the chan nel before reaching the outlet. Thus, the water absorbed in the streambed reduces the ability of the stream to transport the sediment removed from the land surface or from the channel itself. The sediment deposited on the streambed is later picked up by flow from subsequent local storms combined with upstream storms (also by runoff from unusually large storms) and moved until the water is again lost or until it reaches a major reservior where the sedi ment is deposited. Thus, the transport of a sediment particle is complicated by flow sequencing. The dynamic behavior of alluvial streams in moving water-sediment mix tures is an extremely difficult problem in water resource development, because most of the energy dissipated at the streambed produces constantly changing bed form. The flow in the channel may be locally unsteady, with wide depar tures from uniform states. Bed deforma tion occurs from the movement of many sediment grains and results in the sediment transport by the flowing water. Given a water discharge and a sediment load, Maddock(1969) noted that the width, depth, velocity, and slope of a stream must be the result of mutual adjustments within a set of
limits not yet defined in an acceptable manner. He further says:
The movement of sediment cannot be described by a simple function and the behavior of a load of a mix ture of sand sizes is different from that for a load of uniform-sized sedi ment. There is considerably more un certainty about pertinent relations when mixtures of sand sizes are in volved because of the difference be tween the sediment sizes comprising the bed compared to the sediment in motion.
Investigations of sediment transport have often been confined to laboratory flumes where the availability of sedi ment is unlimited, depth and width are restricted, and sand size is uniform or sizes are uniformly distributed. Unfortu nately, field conditionsgenerally are not homogeneous and the sediment bed sizes vary widely. Thus, in many flow situations, the sediment sizes in the bed are quite different from those in trans port. Generally, the bed contains more coarse sediment than does the material being transported.
The stream sediment load may be determined by the surface characteris tics of the watershed and the intensity and duration of the storm causing the flood. Before each runoff event, the sur face usually has a certain amount of loose material that can be eroded and easily moved. Intense, short-duration storms bring into the stream system the most sediment for any total volume of flow.
The vegetation, especially grass, and the "riprap" armor coating of small and large pebbles and rockson the hillslopes can also influence the sediment load de livered to the streams. Vegetation may prevent the raindrop impact from dis lodging particles and also lower the ve locity (and sediment-transporting capa city) of the overland flow.
The sediment discharge of the stream will not be immediately affected by the sediment load delivered. Although a de ficiency of fine particles might exist and, therefore, sediment discharge be less if the overland flow were prevented somehow from delivering the usual sedi ment load, the stream characteristics would remain the same. The velocity, depth, width, particle shear, and sedi ment-transporting capacity still would be determined by the channel. The sedi ment load (other than that supplied by the overland flow) would be picked up from the bed (and banks) as usual. Not until the degradation changed the slope, and thus the velocity and sedimenttransporting capacity, would the sedi ment discharge, especially of the coarser material, be drastically reduced. The same principle holds for an increase in sediment supplied to the stream system, except that aggradation will cause the bed level to rise to the level of the adja cent ground.
An additional problem in predicting ephemeral channel behavior is the in consistent roughness across a particular section. During shallow runoff events, the bed may consist of a combination of dunes, antidunes, and flat bed for an in dividual cross section. Such roughness changes across the channel can result in marked changes in sediment discharge. Furthermore, the roughness changes across a channel vary during a runoff event and are often unique to that event.
Data from the Walnut Gulch Water shed are used to illustrate sediment transport problems in ephemeral streams and to verify the conceptual t" = Cd [4] where from the Shields diagram 4 < C < 16.
The function term (equation [2]) was determined graphically by writing straight line equations for segments of the curve given in Laursen's paper (an "S" shaped relation is presented on a log-log graph). For the digital computer solutions used in all the computations, a linear interpolation scheme was devel oped using logarithms of the data for straight line segments of the original graph.
Fall velocity for the sediment was computed using a similar logarithmic in terpolation scheme for data present in where Qs = total volumetric sediment discharge, cu ft per sec.
STREAM BED MATERIAL
The streambed material is the sedi ment available for transport in an indi vidual runoff event. Most of the finest size fractions (i.e., clays and some silts) are washed into the stream by the over land flow, as well as being available in the bed. Stream channels and banks usually produce most of the coarser sediment transported.
In many ephemeral streams of the Southwestern United States, the sedi ment supply available for transport in the streambed is limitless. In some in stances, the bed or banks or both are composed of geologically consolidated materials which rather than limiting sediment supply, tend to control chan nel gradients and alignment (Fig. 2) .
Bed material sampling on Walnut No. 1 (the outlet of the watershed) (see No effort was made to sample bed composition variation that might be en countered with depth. Because the scour relationships during individual flow events are unknown, surface sam pling only may result in a sizeable error.
It seems likely that the vertical composi tion variation may be similar to the transverse variation at the channel sur face. The large standard deviations at most sampling sites indicate this surface variation (Fig. 3) . The composite sample terial (most samples had 50 percent of the material larger than 1 mm) with a wide particle size range between the largest and finest fractions.
The dynamic behavior of the stream cross section, the transverse sediment size distribution changes, and the bed material size distribution changes during the passage of an individual runoff event, all contribute to the problem of modeling sediment transport in an ephemeral stream. A trapezoidal chan nel was used in the computer model ( Fig. 1) to describe a cross section in the prototype (which is more like the sec tion shown in Fig. 3) . The data tabulated are presented in Table 1 with flow information and the sediment size distribution.
In an effort to predict bed composi tion changes from one flow event to
another, the data in Table 1 were ex amined using multiple regression tech niques. The simple correlation matrix of These equations were then used as in put to a computer model developed and evaluated in previous work (Renard 1972a , Renard 1972b , and Renard and Lane 1974 and described here as the With the predictions of equations [8] and [91, the suspended sediment yield for this storm would be 2.32 acre-ft.
The sampling program at this station in dicated the suspended sediment yield was 4.55 acre-ft.
The distribution of sizes (asindicated by the standard deviation) has a marked effect on the predictedmaterial in trans port. For example, when the mean grain size was doubled from 1 mm to 2 mm (for a standard deviation of 2.0 mm), a 73 percent reduction in suspendedsedi ment was predicted, (Table 3) , whereas when the standard deviation was doubled from 2 to 4 mm (for a mean value of 1.0 mm) the predicted sus pended sediment yield increased almost 1,000 percent.
Although the bed material might contain a large amount of larger size ma terial, Laursen's transport relation pre dicts that only a small percentage of this material is being moved. The condition persists regardless of the instantaneous discharge. Thus, it is imperative to ac-(Continued on page1010) The prediction equations for ji and a represent the total cross section, whereas at lower discharges, the sedi ment available for transport is that avail able in the lowest parts of the cross sec tion (Fig. 3) where the sediment gener To illustrate the magnitude of the changes in bed material composition on sediment transport, the mean grain di ameter and standard deviation in the log-normal distribution were sequential ly varied to produce the results shown in can be expressed by a log normal distri bution (described by a mean and a stan dard deviation), doubling the mean grain size resulted in a 73 percent reduc tion in the predicted sediment transport whereas the predicted suspended sedi ment yield increased almost 1,000 per
